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INTRODUCTION 
The following study was done at the College of 
Optometry, Pacific University. A comparison study was 
made using the Berkeley Mackay-Marg Electronic Tonometer, 
250 Series, and the Ocular Products, Inc., Tonomat. 
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PURPOSE AND DISCUSSION 
The optometrist today is faced with many problems 
but one of the foremost is the detection of possible in-
creased intraocular pressure. To practice within the full 
scope of Optometry, such a measurement is definitely 
needed. The optometrist must be able to take reliable 
tonometric readings. 
The Tonomat, a sophistication of the Maklakov Ap-
planation Tonometer, was developed by Adolph Posner and 
Richard Inglima. It evolved from an earlier tonometer 
which they had introduced, called the Applanometer (a 
double ended type of Tonomat). 
The principle on which the Tonomat works is based 
on the amount of area of cornea flattened by a constant 
weight; 5 grams in the case of the Tonomat. The area 
flattened varies inversely with the deviation of intra-
ocular pressure. 
The Mackay-Marg Electronic Tonometer was developed 
by Robert Moses, Elwin Marg, and Raymond Oechsli in 1959 
at the University of California , College of Optometry. 
The surface of the probe that contacts the cornea 
contains a plunger surrounded with silicone rubber ~ 
The plunger is free to move in or out. Within the probe 
handle, a linear transducer converts the amount of dis-
placement of the plunger and sends it to an amplifier. 
From the amplifier, the readings are recorded by means 
of a heat stylus upon the tonogram paper. 1 
2 
The intraocular pressure is measured at the center 
of the circular plunger in the middle of the applanat-
ing area. The diameter of the plunger is 1i mm wide. 
~Tith this advantage , the Mackay-Marg is able to elimin~te 
any possible error resulting from ocular rigidity, surf 
face tension of the corneal film layer, and variations 
in the size ~i ~he cornea.2 
With the introduction of the Tonomat, the authors 
felt that a comparison study should be made between it 
and the Mackay-Marg Electronic Tonometer. Thus, it was 
the basic reason and the primary premise of this study 
to see if a reliable correlation exists between the 
Tonomat and the Mackay-Marg Electronic Tonometer. 
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EARLIER FINDINGS 
Several studies have been presented using the Mac-
kay-Marg, Maklakov, and Goldmann Tonometers. The first 
studies using the Mackay-Marg Electronic Tonometer were 
compared with the Goldmann Applanation Tonometer. The 
Goldmann tonometric procedure is recognized by many 
authorities as the most valid clinical means of measur-
ing intraocular pressure. ~ 
Moses, Marg, and Oechsli re{orted in Investigative 
Ophthalmology --~any meanin~_., correlations between the 
two instruments ~ The -~oliowing findings were taken with 
the use of anesthesia. Series 1 (a): The Goldmann done 
first and 'then the Mackay-Marg; correlation coefficient= 
+0.934. Series 1(b): The Mackay-Marg done first and then 
the Goldmann; correlation coefficient = +0.965. Further 
studies were done without the use of anesthetics for the 
Mackay~·Marg rea:~ings. · With this procedure, a correlation 
factor of +0.742 was found~3 
Subsequent findings taken by Donald Springer with the 
Mackay-Marg in comparison to the Goldmann Tonometer yield-
4 ed a correlation factor of +0.94. 
In 1965, Harold W. Waggoner of Roswell, New Mexico 
found the following mean readings and standard deviations 
for the following instruments: 
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Instrument ~ Standard Deviation 
Mackay-Marg 
J:vraklakov 
17.96 
21 .69 
20 .03 
4.572 
5.263 
3.149 
The mean discrepancy between the Mackay-Marg and the 
Maklakov was 3.875 mm Hg. with a standard deviation of 
3. 1. 91 • The Maklakov T'onometer readings were more re-
peatable thah- ~itQ._~r the Mackay-r"arg or the Schi,0tz. The 
Maklakov Tonometer was easier -to -us_e_ 'bt:J_cause it was eas-
ier to apply to the corneal surface and more working 
space was available.5 
In 1965, Gloster and Martin published an evaluation 
of Posner and Inglima's Applanometer. A Goldmann tono-
metric reading was first performed followed 5 to 15 minutes 
_later by a reading using the Applanometer and · finally a 
third reading was taken with the use of a ·Schwarzer 
Electronic Tonometer. 
The correlation coefficient between the Schwarzer 
and the Applanometer (r= 0.83) was slightly higher than 
the correlation between the Goldmann and the Applano-
6 
meter (r= 0.80). 
Also ~ in 1965, Posner and Inglima completed an evalua-
tion of the Tonomat with an electric Schi,0tz Tonometer. 
' All eyes tested were anesthesized. The relationship be~ 
tween the two instruments, when plotted on a - scattergram, 
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were almost parallel. In a pressure range between 10 and 
26 mm Hg., the Tonomat was found to be approximately four 
mm Hg. higher than the electric Schiptz. However, in 
the range between 26 and 37 mm Hg., the Tonomat was only 
one to three mm Hg. higher. These ftifferences were 
judged to be due to the dis~rep~~ between the conversion 
tables. In ~yery instance , eadings with the Tonomat were 
--··---
higher than the_ Sc_hi,if-t.Z: 
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6 
OWN INVESTIGATIONS 
Thus, with some previous data in mind, the authors 
set out to evaluate the Tonomat in comparison to the 
Mackay-Marg Electronic Tonometer. 
The comparison was divided into two studies. The 
first was done using the Tonomat first and the Mackay-
Marg second. The second was made doi,ng the Mackay-Marg 
first and the Tonomat second. 
The operational procedure for the Mackay-Marg was 
executed as outlined in the instruction manual. The only 
exception made was that a clear petroleum jelly (Vaseline) 
was used rather than a contact lens wetting agent. All 
tonogram readings were taken and evaluated by one of the 
present authors, D. M. Y. 
The Tonomat procedure was like that outlined . in the 
included instructions which are on the outside of the 
accompanying box. The examiner also had the patient 1n 
a supine position holding his left thumb directly abov~ 
l 
his face. The thumb was used as the point of fixation. 
All Tonomat readings were taken by the other author, M. 
W. M., and measured with the 8X magnifier which comes 
with the <rronomat package. 
7 
DArA 
The following readings are in millimeter of Mercury. 
Subject Mackay Tonomat Subject Mackay Tonomat 
Jl.1arg r·1arg 
I II I II I II I II : 
. 
T.A. 24 19 P.K. 19 28 18 18 
22 1 9 20 23 17 18 
F.B. 1 9 20 20 18 R.K. 16 12 
22 20 20 17 15 12 
R.B. 20 21 21 20 S.L. 20 20 18 18 
23 20 18 22 20 21 18 16 
J.C. 17 16 J.M. 19 17 16 21 
19 16 20 19 18 21 
J.D. 27 25 22 16 J.O. 18 22 20 20 
23 23 21 16 20 24 18 19 
P .D. 25 20 C.P. 27 25 
26 21 26 31 
R."E. 28 23 F.R. 22 15 ' 
26 24 26 18 
R.E. 15 18 16 18 o.s. 27 24 23 23 
16 1 9 16 17 24 24 23 27 
K.F. 17 17 15 16 n.s. 21 1 9 21 18 
21 20 17 17 23 22 18 20 
B.G. 20 21 21 19 E.S. 18 18 
20 23 23 19 16 20 I 
R.H. 24 1 5 K.S. 24 24 21 20 
24 16 27 30 21 20 
~ · .. ' . 
P.H. 21 20 18 18 D.W. 32 35 
',:20 18 18 18 31 31 
B.J. 23 24 19 20 G.W. 18 16 20 17 
24 25 20 21 20 15 1 8 19 
M.J. 20 25 18 21 s.v. 24 18 1 9 14 
21 23 19 22 22 20 15 15 
K.K. 20 21 17 18 K.Z. 21 20 20 18 
20 22 l 16 17 19 21 19 16 
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CALCULATIONS 
Composite Study 
The following formulas were used to calculate the 
Mean, Standard Deviation, Coefficient Correlation, and 
the 95 percent Confidence Interval. 
Hean: Mean = tfX 
n 
Standard Deviation: 
f x2 _ (rfx) (I:fX) 
a- = ----------·~n~----n - 1 
Coefficient Correlation: 
fXY - (rrx ) (!fY) 
... . 
r = n 
V(rx2) ( I:y2) 
!x2 = [x2 - (!x)2/n 
Iy2 = f.y2 - (!.Y)2jn 
95 Percent Co·nfidence Interval: 
= Mean .± t (cr/ /n) 
when n = 50, t = 2.01 
when n = 100, t = 1.98 
Calculation of the Mean for the Composite Study. 
Mackay-Marg: sum of f X for Study I = 1067 
sum of fX for Stu~~· II= 1087 
sum of fX for Composite = 2154 
Mean of Mackay-Marg = 2154/100 = 21.54 
Tonomat: sum of fY for Study I = 972 
sum of/ fY for Study· ii = 938 
sum of fY for ~_./r~;ro'si te = 1910 
Mean of To noma t = 1910 "1 00 = 19. 10 
-------
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CA.LCULATIONS 
Composite Study (Continued) 
Calculation of the Standard Deviation. 
rt,ackay-Marg: sum of fX2 for Study I = 23423 
sum of fx2 for Study II = 24179 
sum of fx2 for Composite = 47602 
-=)47602 - (2154)2/100 
v 99 
q- = 3.49 
Tonomat: sum of fY2 for Study I = 19760 
sum of fY2 for Study II = 17920 
sum of fY2 for Composite ~ 37680 
,-= 137680- (1910)2/100 
v v- 99 
a-= ).48 
:'.~ 
Calculation of the Coefficient Correlation. 
sum of fXY for Study I = 21349 
sum of fXY for. Study II = 20692 
sum of fXY for Composite = 42041 
x2 = 47602 - (2154)2/100 = 1204.84 
y2 = 37680 - (1910)2/100 = 11 99.00 
r = 42041 - {2154· ~ { 191 o ~L1 oo 
)(1204.84) (1199.09) 
r = +0.748 
Calculation of the 95% Confidence Interval 
Mackay-Marg: 
Confidence tnterval = ± 1.98(3.49/~ 
Tonomat: 
-- Confidence In~a = 19. 10 .± 1 • 98 (3. 48//1 oo) 
-- ~ - ---
1 1 
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CALCULATIONS 
Comparison Study I 
Mackay-Marg Tonomat 
mm of Hg mm of Hg 
Frequency fX tx2 Frequency fY fY2 
12 12 2 24 288 
13 13 
14 14 
15 2 30 450 15 2 30 450 
16 2 32 512 16 6 96 1536 
17 2 34 578 17 3 51 867 
18 2 36 648 18 1 1 198 3564 
19 5 95 1805 19 6 114 2166 
20 13 260 5200 20 6 120 2400 
21 5 105 2205 21 6 126 2646 
22 3 66 1452 22 1 22 484 
23 4 92 2116 23 3 69 1587 
24 5 120 2880 24 
25 25 1 25 625 
26 1 26 676 26 
27 4 108 2916 27 
28 28 
' 29 29 
30 30 
31 31 961 31 
32 3,2 1024 32 2 64 1922 
33 33 
34 34 
35 35 35 1225 
Number = 50 Number = 50 
EfX = 1067 , EfY = 972 
Efx2 = 23423 'r.fY2 = 19760 I 
Mean = 21.34 Mean = 19.44 
Standard Deviation = 3.65 Standard Deviation = 4.20 
95 1'& Confidence Interval 95% Confidence Interval 
21 • 34 .± 1.03 1 9. 44 .:!:. 1 • 1 9 
Coefficient Correla~ion 
+0.807 
13 
CALCULATIO NS 
Comparison Study II ,-
Hackay-Marg Tonomat 
mm of Hg mm of Hg fY2 l 
. Frequency fX fX2 Frequency fY 
1 2 12 
13 13 
14 14 1 . 14 1 96 
15 1 15 · 225 15 3 45 675 
16 ··-- .. ' 2 32 512 16 6 96 1536 
17 2 34 578 17 5 85 1445 
18 4 72 1296 18 12 21 6 3888 
1 9 3 57 1083 19 4 76 1444 
20 8 160 3200 20 8 160 3200 
21 5 105 2205 21 5 105 2205 
22 4 88 1936 22 2 44 968 
23 4 92 2116 23 2 46 1058 
24 7 168 4032 24 1 24 576 
25 4 100 2500 25 
26 3 782028 26 
27 27 27 729 
28 2 56 1568 28 
29 28 
30 30 900 30 _ ..... 
31 31 
32 32 
33 33 
34 34 
35 35 
Number = 50 ~· = 50 
i:fX = 1087 
Efx2- = -24179 . ~fy2 = 17920 
Mean = 21 • 7 4-------- --- Mean = 18.76 
Standard Deviation = 3.34 Standard Deviation = 2.57 
95% Confidence Interval 95% Confidence Interval 
21.74 ± 0.95 18.76 ± 0.73 
Coefficient Correlation 
. +0. 713 
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SUMIVIARY 
In conclusion, we have found that there is a fairly 
good correlation between the Tonomat and the Mackay-Marg 
Electronic Tonometer. The coefficient of correlation for 
the first study was +0.807, for the~econd study, +0.713, 
and f or the composite study, +0. 48. 
The meanreading and s ~ard deviation for each of 
the - instrument~ _ was: -Electronic Tonometer, 
21.54 ± 3.49; Tonomat, 19.10 ± 3.48. 
The 95% confidence interval for the two instruments 
was 21.54 ± 0.69 ' for the Mackay-Marg and 19.10 .± 0.69. 
for the Tonoma t. 
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